heart will tend to come nearer the sternum. This heart will be more stretched than normal.
It is easy to visualize how an apprehensive person will, by holding his breath, bring the heart nearer to the posterior surface of the sternum and thus make it more susceptible to possible trauma from even a minute portion of the sternal puncture needle. It is also easy to see that while a contracted heart may throw off a needle, a relaxed heart may not be able to do so; in fact in a relaxed muscle a small prick will be rapidly converted into a tear if behind the relaxed muscle there is some other force. In diastole of the heart while the muscle is relaxed, there is a constantly rising pressure within the heart. Here then were the circumstances that could explain the two deaths. The apprehensive patient holds his breath, renders the heart slightly larger in size and more extensible, brings it nearer the sternum, where it is touched off by the small unsuspected portion of the needle, the rising tension of the heart converts the minute puncture into a laceration, and hsemopericardium follows. A series of experiments was then conducted by dropping sharp needles weighted near their business ends on to football bladders which were put under varying degrees of tension. A high tension threw off the needles; a very relaxed bladder did not offer the needle any foothold though a mark was sometimes made. A medium pressure was found to be optimal for production of a puncture. If the bladder was kept attached to the pump, and the needle was dropped when the bladder was about two-thirds stretched, a puncture was easily produced, and the pressure of the pump overcoming the elasticity of the bladder, the puncture was made into a rent. Though suggestive, the experiments did not conclusively prove anything, for the same needle similarly weighted and dropped on the bladder under the same optimal tension did not always* produce the tear. It was considered necessary to discover some more cogent explanation which, by itself or in conjunction with what has been said above, would explain all the phenomena.
It has been seen that in performing a sternal puncture, the needle is often pushed in by a series of jerky movements rather than by a steady pressure. These jerky movements give rise to two other movements. Firstly, with .each jerk, the sternum tends to flatten out and come in closer contact with the heart, and secondly with each jerk the patient becomes more apprehensive, causing the man to hold his breath and thus setting in motion the mechanism described above whereby the heart is rendered more liable to trauma from the sternal puncture needle. The jerks also damage the soft tissues in front of the sternum and reduce their depth, and allow the needle to go a trifle deeper. There is, thus, an unintentional and unsuspected increase in the range of the needle.
If heavy pressure is used in forcing the needle through the cortical layer of the sternum, there will be further sterno-cardiac approximation. One jerk may not puncture the heart, for the heart may be contracted in systole, but the next very well may, when the heart may be in diastole and by force of circumstances detailed above held pressed behind the sternum with the wall relaxed but the intracardiac pressure rising.
Experiments were then made on cadavers. It was seen that with the force of the jerky movements associated with sternal puncture, the sternum could be pressed down for nearly an inch and the soft tissues could be reduced in depth for up to 4 mm. If the anterior mediastinum which is after all only a potential space is fully obliterated by the heart, and there is an unsuspected increase in the range of the needle, there is nothing to prevent a traumatic rupture of the heart.
There can be little doubt that the two deaths occurred in the above manner, the sequence of events being as follows :?
1. Apprehension caused holding of the breath and this in turn led to stretching of the heart and its approximation to the sternum.
Jerky movements caused an unsuspected
increase in the range of the needle; they also caused more approximation of the heart to the sternum. 3. The needle, then, unsuspectingly pierced the posterior plate of the sternum and caused a small prick in the apposed heart. 4. The heart having been put on the maximal stretch both by diastole and increased C02 tension, the prick rapidly became converted into a laceration by the rising intracardiac pressure.
5. Hsemopericardium followed leading to mechanical arrest of the heart, and to death. 
Conclusion

